mmmmm 

(43) S^^MB 
2005 ^9 ^ 1 B (01.09.2005) 




PCX 



(10) SIS^BBS^ 
WO 2005/080642 Al 



(51) mmm'Am'i 

(21) mmihmm^: 

(22) HISttiMB: 

(25) mmmmomt^: 

(26) m^y^momm: 

(30) ^^fe^tT^--?: 
**IM2004-044827 
*#M2004-3 18075 



C25C 3/26, C22B 5/04, 9/10, 34/12 
PCT/JP2005/001379 
2005 ^2 ^ 1 B (01.02.2005) 



2004 ^2 ^ 20 S (20.02.2004) JP 
2004^11 ^1 S (01.11.2004) JP 



(71) ai)MAr*ll^^<ti:T(Dti^llfCOLNT;: ffiS^ 
^ —^Ix^^^it (SUMITOMO TITANIUM COR- 
PORATION) [JP/JP]; =r 6608533 J^Jt lirJElUfm m^RiT 
1 StfeHyogo(JP). 



(72) ^BM^; tS^U 

(75) ^BM^/thmX (^miZ-Dl^XCD^): /h^JlffiWl 
(OGASAWARA, Tadashi) [JP/JP]; =r 6608533 ^MW: 

Hyogo (JP). LU □ IS (YAMAGUCHI, Makoto) [JP/JP]; 

¥6608533 :^*«;E(iSrti m^fflr 1 S«J 5? 

A^*3e^*tl^ Hyogo (JP). fla 31^ (HORI, Masahiko) 
[JP/JP]; =r 6608533 J£Jt !i:/E^mm^fflT 1 Sttl ffiS: 
— 't' A^^xt^ttl^ Hyogo (JP). JlM ^ (UEN- 
ISHI, Toru) [JP/JP]; =r 6608533 J^Jt Tfi 
1 mm Hyogo (JP). ST 

JBSaiJ (DAKESHITA, Katsunori) [JP/JP]; =f 6608533 ^ 

Hyogo (JP). 
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(57) Abstract: A process for producing a high-purity 
metallic Ti or Ti alloy, comprising, while retaining 
a molten salt containing CaCU and having Ca fused 
therein in reaction vessel (1), electrolyzing the molten 
salt of the reaction vessel and feeding a metal chloride 
containing TiCU into the molten salt so as to react 
with any Ca generated on the negative electrode side 
by the electrolysis to thereby produce granular Ti or 
Ti alloy in the molten salt. Further, when the reaction 
vessel is fitted with diaphragm (4) adapted to, while 
permitting circulation of the molten salt in the reaction 
vessel, partition the interior of the reaction vessel 
into the positive electrode (2) side and the negative 
electrode (3) side and block the transfer of Ca formed 
on the negative electrode side of the reaction vessel 
to the positive electrode side, any back reaction by 
Ca can be effectively suppressed. Still further, when 
a conductive porous material is used as the negative 
electrode, enhanced productivity can be realized. 
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(81) Ji^llr«^(Z)?5:l^Ky. ±T(7)«S<Z)llrtffiS)b< 

■^t^;: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SB, SG, 
SK, SL, SY, TJ, TM, TN, TR, XT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 
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BY, KG, KZ, MD, RU, TJ, TM), B — Uy/i (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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m m m 

[0001] ^^mmi-i. mmt^^> mci ) ^^n^mM^tm^caKx^m7t.mnvx^m 

4 

[0002] ^m^^i^(DJim^^i:M^t\^Xi'i. TiCl ^MgK^'om7cir^^vi—/vm7^^—B. 

4 

4 

2 

[0003] m7€j:m^-^^^xm\^<mmir^t. ^(Djinxi^. R}t^m^^\HimmMg^^m 

4 

TiCl dSMg(c:j;t93g7n$tb. m^^(D^mTim^mir^tmm^. MilSlSMgCl T^m 

4 2 

2 

J;«9. ^KStC^SllMgdS^I&^tL^ft. TiCl OM^SJ^^^OSIi^bTittfi-'So 

4 

[0004] i^n— j;;5^MTi(DM3t-e{*. i«j^S<7)BiSi^5^5g$*x^o b^O^b. M^t^ 

4 

#^i^7ss^-hif s^^/^sgm/^-^^s^ff ^bT. ^OTici (Dm^^mmm 

4 

[0005] iJ^a— /v^-e(D^fe0i4^]^i?)§}ei{*, Ti(Dm3|sf-efe;5Tici (Dmr^ms.. m^b. m 

4 

mM&(Dmm^(Dmwm-^rcnm^mmhfc^com'i^A^m:ki^^^<^:d^^^x 

4 

. ?gBtCMgCl dSaoT^tbl^TiCl 7!)m^^tl^X^\^f£^o ^<^l^*. 'PI&$^^fc 

2 4 

TiCl f^Tl^MJiSOTiCl ;5f;?^^.TiCl J'^if(D^Sg^J^^bi^(0;5f>?.(r*x^>^. r^l^M^S;^ 

4 4 3 
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4 

h<Dmm:^^h. Tici <Dm^m&^mm^ti^^tKfj:^o 

4 

[0006] TiCl (DWi^M&^±^<ir^t. mmM&(Dmm^^h^^^M^mU^^^TiCl (DM 

4 4 
4 

4 

S^aiJ PSb. JilfIS ffi fc*5ftOT(D^ff m^*;^?px.§r i:;eiSieis^(c;^^§ 
[0007] ^(Dtz.^^ #^5p8-295955-^<2^^{c:fi. ?S)|^OTiCl ^^Sl!Mg;OS^^?ii-§?g 

4 

-h#i-^o ^(Dfzjb^ nmmmhm. Tici (D#^^5gs;as^jps$;h.§ri!{;i7^^§o 

4 

[0008] TiCl (^#fc|^3gSf^ii:s^#^^}S^i-^1M-e«/^v^d^ ^p-Mi^i*. ^giMg 

4 

[0009] i^n— /vfej^^(DTiM3^;^&(-Mb-C«. TiCl (DiSTC^JirbTMgJ^^^ci, -arax. 

4 

LT. Ca^^J;^3S5cHi^:^ffiV^fcTiM3g;^^fe^UT^^. SJ^^W^f^f^CaCl (D^ii! 

2 

\r^L~^^^hmc. T;^>5^bTiCl iS-^^m^X.'C^ CaCl CD^Sfeittt'T-^^^CaM 

4 2 

4 

[0010] CatCi^SM^-Cf*. TtB(Df[:#^(a) TiCl ;5^b^MTi;5S^^b. 
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2 4 

TiCl + 2Ca^Ti + 2CaCl • • • (a) 

4 2 

[0011] m^. ±m^m¥fnM4820339^mmmi^mM^thfcifm^^n. ca^mmca 

Cl fft-^^PF^-frt^ffl-r-So ^illCaCl ^X-(DCam7nR)t^^mmirtlit. 1^^— 

2 2 

4 

4 

Tm^mt\.xumir^(Di^mmx$)^o m^Mt\.x^mca(Dm^^mmir^m 

-^tc, ^mca(DnM'im^xmmxh^ti^. ^ti^mAi.xm.mir^t. m^=^^ 
Tici <Dm'^mm^mm^ti^^^—/^^x'ohmm^^<i:^o mk-x, R^t^m^ 

4 

^cai^mm^ ^i:)mmmv^ ^^t^,. cam7cKx^Tmi^:i^m(Dj:m^t^mm 

(D:^mt,^^^o iti.fi. TiCl ^Sft-it-f . Tio ^Ca\z.xJomMM7tir^mitmU 

4 2 

2 

[0015] _hfB i K]^^Sj?K-r^/cJ?)f;i. *^0J#^>{i. TiCl (DCa\Z.X^m7ti)^^^XX^^ 

4 

ttftB^B#fP0482O339-^5a*ta#(^|B«$^Xfcj;5^ceCaCl (D^Sll:^^' 

2 
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[0016] M^SIf rt-e^SfeCaCl ^mn^Mir^t^ TIE (b) ^RXI (c) ^(DS^^MJ^? 

2 

2 

Hi^^i-§J;5CTiCl ^^B4CaCl ffif^ft^^i-S^. Ti(D^j^^t3:m#$fb§Ca^S|iHf 

4 2 

mU: 2Cr^2e~+Cl ••• (b) 

2 

|^/|^: Ca^^ + 2e~^Ca ••• (c) 

[0017] Tici (Dm7cKmm^ti^ca^mw7^m'^^^^ir^ca'x:mMir^:ivm-t. M7i.t 

4 

2 

Tici ^sj^:if i^(Z)^gicaci ctij^#t|0ux^ti.tf. Rftw^m^cwtmmm^m 

4 2 

2 

[0018] :^^mm^f)^^mmi^M-^^^Xf£:^tltih<DX-h'0. TIE(l) — (7){;i|E^(DCaM 

(1) Ca(;iJ;§5g7n^J^i:^ffl V ^fcTiXOTi'a^^(DMat;^fe'efcoT. 
CaCl ^'^^M.oCa;55^^bfc^j||.Jg^^j^^^f p»=3(;i-^^b. ^MJ^^^f f^(D^Sl! 

2 

4 
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[0019] (2) CatCj;§jl^MJ^^^fflV ^fcTiXOTi'^^(D$i3t;^^^-efeo-C. 

2 

4 

nt^ts'Cam^KX^TiXi-m^^(DmB::^mxh^ (KIT. r (2) t;i|B«<D^ 

[0020] (3) CaKX^M7cRm^m\^^fcTiXlt.Ti^^(Dmi^:fj^Xi>-oX. 

2 

4 

2 2 4 

4 

^.m«Ca3S7c(e:J;§TiX}*Ti-^^cDM3t;^^fe-efeS (J^T. r (3) \z:mM<Dm^ 

[0021] (4) Cat^J;^3S^SJ^;^^ffi V ^fcTiX^^Ti'g^^(DM5t;^fefe'C$>oT. 

CaCl ^^?^K-DCa7i,mmi^fmmM^Rmmm::^mu mR}t^mp^(Dmm 

2 

iz.Tici ^^t^^mmm^mmmmm.^i^m^L-x. mmmmM^iz.TiXitTi 

4 
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7cKx^TiXitTi^^(Dmi^:ijm-^h^ (Kir. r (4) Kmm(Dmm:ijmi t\ ^5) o 

[0022] (5) Gate j:§jl^MJ^^^fflV ^fcTiXOTi'^^(Diiit;^^^-efeo-C. 

CaCl (Dm^. NaCU KCU LiCl^U^CaF (D^ib(D{i^^j:<thlM^^K-DCa 
2 2 

4 

m^mMr.mt. 

nt^ts'Cam^Kx^Tixi-m^^(DmB::^mxh^ (KIT. r (5) Kmm(Dm 

[0023] (6) CaKX^M7cRm^m\^^fcTiXlt.Ti^^(Dmi^:fj^Xi>-oX. 

CaCl ^^^K^ca7!)mm\^timmM^R}it:^w\^im^u mRf^^w^^Dmrn 

2 

tziTiCi ^tJ?ffi(D^M:^^t:i^^'a-tp^l^;^^;^^tirtB^Bii&^tc#fc|^bT. ffflB^ 

4 

mmRmm\^x\-iRmm^xmmTiXi-±Ti^^^mmm.^^h^mir^Ti^mi: 
mt^ts'Cam^icx^TiXit.Ti^^(Dm^:iym:Xh^ (KIT. r (6) \z.mm(Dm 

[0024] (7) CaCl J;§5g7n^J^?^ffl V ^rcTiXit.Ti^^(Dm^:ffl^Xh^X. 

CaCl ^'^^M.oCa;55^^bfc^j||.Jg^^j^^^f p»=3(;i-^^b. ^MJ^^^f f^(D^Sl! 

2 

tlTiCl ^'a-tf^M:^^bi^^tiitE^g!i[:^'ftC#k|^b-C. mmmmM^ l^TiXit.Ti 

4 

nt^t^Cam^icx^TiX\tTi^^(Dmi^:l7mx:h^ (kit. r (7) t^|B«(D^ 
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[0025] igif*. caci tNaci(D2^^m^mmMKisn^m^itmtm^^(Dmm^^^ 

2 

o 
o 
o 

m m ^^ife-r 6fcJ6 ^ mm 
[0026] 1. ^mn:^mwm{i)-i.7)\^mm(Dm^^m(Dp%m 

mmMtx^xmmcaci ^R]i^^mnK%n'r^o ^]^^wp^(r>mmMppKTic\ 

2 4 

i&i-5<i:. ^OTici i)m'mM.Kmm\^x\^^ca\z.i:^mjt^nx. w^mi/y,\t 

4 

2 

[0027] ^mTi<D:LmWi&MKCai()^^m-^flf-i:i)^'ofz.^fiM^ f*. CairCaCl (D 

2 

5>m;55Hil/cC^i!-efe§o Mg^MgCl ^m^^bTM5t$tV§^5^ Mgf^MgCl \Z.^ 

2 2 

Mgi:l^«iz:^«<M3g-t?t^o Caf^CaCl (DmM\^^'om&-^f\^^ 

2 

^^$tt/cca{*caci (ci^i. 5%mMir^o 

2 

[0028] ^(DfzJh. Cafcft^S&*J:<M5ti-6ri:^5^b<. ^^^LfcCa^a^/^vy^yTi^v^a^ 

(I^WJf-^j?feLfcCa^5^MliJt-^^!feb/cCl ^l^-a-LTCaCl f^M^^J^:^) "eCaC 

2 2 

2 

^9Ca(DIHI^|X*^i«^?)§SmfflV^^>^^^^S^^t^-e^iCa(DM3t=3;^h«i«</cCb^^ 
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2 

[0029] wz.. ^siicaci ^'^(DCamjtmmirfiu. MjtKi^^m:h^ij^m. mm^^Wi 

2 

mi^&ii^^o 850'C-e(D^Mii{*Mg;556. 7kPa(50mmHg)-efe^(Dl;i^ 

LT. Ca{*0. 3kPa(2mmHg)i:^^J6-C/jN$<. ^(Dft)sb. SJ^:W<^-h$Prt®^OT 

mm(DCam^\z.i.^Ti:5m.Ti^^(Dmi^^mz.^\^xn^ xici #fc|&3ggo^i|ig 

4 

2 

[0030] ^gjlCaCl ISctJ-^COTiCl (D^I^^-mtl^XU, TiCl ^^gllSCaCl 

2 4 4 2 

2 4 

2 

J|^B(DTiCl ^#k^Lfc«9. ^iillCaCl ?S_h{c:'{^#$tbfc^B!llCa?KCD?Sffi^|gfti(c: 

4 2 

4 

[0031] ^gicaci m±-\^^W^fif:MMCamM\^Tic\ comW-^W^\^xm^K\^^-^ 

2 4 

n^^^m^. mmcam^. ^sfecaci m^(DCa^mmx^^nm^m<^w\^fc 

2 

ittB^«(D;05M*bV\ Cajg;i5^^mf^. ^SllCaCl m^<DCahR}^^Km-^ir^ 

2 

<^-e. ^g!ljCajB;6^^>^g!ljCaCl mK^^nXRj^^^nf^^. TiCl 

2 4 

[0032] ttflBTiCl ;^':?!.6D#k|&(^SIL. ;2^^PJ(DCajl5ntcJ;^TiXOTi^^(D^3t;^^dS 

4 

4 
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fcX^iZ., Mg<DMM.)±7f)^m^^fci!b. TiCl ;?f^(D#t|^^^Mg^^^S'ftAU TiCl 

4 4 

[0033] ^SISMgCl ?gtti (CTiCl (D;?f;^^#k^«r #fcf&W5r 

2 4 

^^m&i^i&Tir:5h<D<D^ WmMcoWMi^l^tl^xm^o TiCl ;^f;^(0^^:7^y^ 

4 

^iisisMgci igtt'iciTici ^m^L-xh. ^(Dmm^'pi^MsTimt^mmi^^i:^^ 

2 4 
2 4 

4 

2 

l&?i^M;05^^jH^ce<llifeRrig-efe^o -^fc. ^Bicaci igoig®^, ^Slicaci |^_h 

2 2 

4 

[0035] ^^P;!(DCa3S5utCj;§TiXOTi-^^(Z)M3t;^fefet-*5V^T{*. ^gSjCaCl m^i^ 

2 

f^^LfcTi^(D^g!feCaCl ?S;^)^^>CO^g|^;IoV^-C^^. SJ^^«fF*3Xf*MJSWi51'<^VN 

2 

2 

2 

2 

^t:^^X^^o 

[0036] m^^)IP^-e^^L/cci (D:5t«9^V ^(^OV ^-cf^ . tfllB (3) i^|E«(50^3g;^&-eM 

2 

2 4 

[0037] «0j!;^?iiCJ;«9Ti^Mati-S:^'a'. WMtX^Xit. TiCl ^^ffl-T^^S^ TiCl i: 
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4 

[0038] ffftEOTici Rxim(D^mmtm^^^:^'^. mvt<^^ -^-rtKDVKmxmm^^xhx 

4 

4 

2 4 

[0039] ifmm(DCsM5c\Z.^^Tiy^\m^^(Dm^'^^^X\-i.^m.CaC\ ^(DCamm 

2 

2 2 

2 

[0040] — ^#CD^;H-<50ti^(D^1St->fJ-bT}i. ^Bsll:^^CaCl ^-e{i/^<. 

2 

tb. mm(5) icmm(Dm^:^mxmmir^x^ic^ mmm.t\^x^ mm. mM.if)^78o 

°CCOCaCl ^fflV^;5^S. CaCl -NaCl, CaCl -KClC02^^C0^M^-^. CaCl -N 

2 2 2 2 

aCl-KClcD3^^<D^SIl:S(Dj;5^^^ CaCl tC>^L-C#.<Z)ii:(^!)x.(i. NaCl, KCl, 

2 

Lici^-o^caF )(D^ib<Dimsi±^m-^u ^7cmmm&tir^^th'^mx:^^o 

2 

[0041] ^7t^(DmmMXmMl^^£ntH^fj:hfi:\^^(D\^.CaCl iCNaCl^mx.f:imi^m 

2 

mii^. CaCl tNaci(D2^^mi-^Mm^i^^n^mi-^itmtm^^com^>^7jkir 
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2 

[0042] CaCl -NaCU CaCl -NaCl-KCl(Dj;5^<CCaCl RXfNaCl^^t^^^^MMM 

2 2 2 

600X:mX-i^Na^^^^ir^tV^^^^(DmM^^h^o fiP'^> CaCl t^Na 

2 

rofc*. CaCl {;iNaCi^M'^b-c^il!liJ^(oas?rT{f ^a-^f*. gsli.'^^seoo'C 

2 

UTi^tf^^X^ tilNaCl^M-a^L. B.o^<DM^^jl!l!it<0?aS^600T:j^Tt-Wa 
2Na+CaCl ^Ca + 2NaCl(T^600'C) ••• (d) 

2 

Ca + 2NaC1^2Na+CaCl (T>600T:) ••• (e) 

2 

[0043] CaCl RXfNaCl^^t^^^^mm^Xi^, mm(DXo^j:mm±<Dm^7!)^h^^t 

2 

^;i*K^S<^Ca^S|^^{a!|f^>^^bfcCl tJ^-^LTCaCl {;iM6^^5^i5^yTi^v'3>'<D 

2 2 

ffl^^i:J*mx.*SJ^:oCa^-^^T^*5(9.^tL^S/^5,^yr^v/3>'(DMHi!^^So 
[0044] XJ^AJaii^h. SJi£^«rt<oim»J;6^^>^#mbfc60orj^T(0^glji^^, SJ^^Mf^ 

(r>^mm^m^m\c. mm(o^x-^mQix:,m\cws^^^}i^ tffiE(e)^(DH^s 
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tifIB (d) ^(DRmnmn^ir'. Ca(Dn^}^mK±^th^o 
[0045] W^b. CaCl RXfNaCl^^t?^^^mmM'r:^l^. Cal^mmMKMMir^^K Na 

2 

*SJ^:(^Ca^{£i^i-§^^;5swtgt-/^«9.*Sj^:cat^j;;5^^:y^yT^^:^3^^t;^m 

[0046] tffiE (7) {c:iE«(DM5t^i5fe-e*aS'r6 j;5 1-. ^m^ti^Tmxi-m^^m:<D-^ 

[0047] 2. ^^Pj!;^fefe(D^ii?f^^ 

o 

ti^o Rit^wm. mmiMt\^xca^^itm^^AKmm\^fccaViy^(Dmmcaci 

2 

2 

[0048] sj^^wi-cfi. mmm.xh^mmcaci :^mm2tmm3mz.mmir^^ti^x'om 

2 

2 
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4 4 

[0049] R};t:^wiiH<Dmmm(DmKM~^^Tmi~i. ^<DmK^^ir^mmm.t^i^. mj^? 

[0050] H^£^+tlrt<^I^MllJ-e{*. m^R)t^KX^TmL<7)^)^Ki^<>Xmm^^<DCaii^ 

mxca^^^mu M^^*)ca(Dmm^^mi&^n^o o^<9. mm3(Dmm^Amx 

4 

^m.^ti. mmmx^m.ir^ca(Dmmm^(DmAi)mm^ti^o m^i^timxit. 
Rmmi \H^mmmtmmmici±w^mmi!)^mnhtix\ ^^^k ^(Dmmcommt 

2 

2 2 

Xh^TiCl ^^)^:^^^o ^^bfcTiCl it^l^^mU^^A^ti. Cam7C\Z.X^Ti 

4 4 

ibCa(Dmmt^ mm.^i^x^ca(Dm^t^mmmnm^nfj:i^ti^o 
mi^^mx<DCa(DmM^mmi^iii'^Wj:<. cam^K^^mShM<DTm^^. mm 
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2 

2 

[0052] msi-i. ^mm:^m(Dm2mmMm^mmx^^^mTm^mm<Dmmmxh^ 

o 

2 

[0053] m7€Rxfmm^n^^}^^wixmm^<^u&^6oo°c}^rK^mir^(m^. i& 
uM7cRxfi&umm^n^)<^x\ mM&^^caci tNaCKDm-^m.xh^Kh^^Tb^ 

2 

f^hir. m7tMtL.xca^mm&^K^^ir^mm(d)^0m)o ^(dtc^, caK 

cai^Mgtit-<xRmi^i^^M<. cam^icxY)Tix\m^^^mmir^m^. ca 

xvmm^(Dmm^(7)u&^i&r^^n^(DX\ '^pm^M-r^ikm^mu^ti. ^ 
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